The current clinical standard for quantifying sleep physiology is the laboratory polysomnogram, from which basic sleep-wake stages are determined. However, the complexity of sleep physiology has inspired alternative metrics that are providing additional insights into the rich dynamics of sleep. Electro-encephalography, magneto-encephalography, and functional magnetic resonance imaging represent advanced imaging modalities for understanding brain dynamics. These methods are complemented by autonomic measurements that provide additional important insights. We review here the spectrum of approaches that have been leveraged towards improved understanding of the complexity of sleep.
Introduction
Sleep is a complex physiological process that has been linked to the function of every organ system, and dysregulation of sleep has important consequences for health and well-being. For example, obstructive sleep apnea (OSA) has been linked to increased health risks such as hypertension, cardiac disease, and ischemic stroke (Eastwood et al., 2010) . However, less obvious disturbances such as too little sleep or even too much sleep have been linked to morbidity and mortality in large epidemiological studies. At the level of daily function, sleep disorders may impact mood, performance, and sleepiness, with concurrent risks of motor vehicle or workplace accidents. Despite these widespread health consequences, and decades of research into the clinical and basic science aspects of the sleep-wake system, much uncertainty remains.
The most basic formulation of the sleep-wake system is the two-process model of Achermann and Borbely (2003) . In this conceptualization, Process S represents homeostatic sleep pressure that builds in proportion to the amount of time spent awake and drives the system toward sleep. Once sleep ensues, Process S declines, eventually allowing resumption of wakefulness. In parallel, Process C represents the daily circadian rhythm of alertness. The two systems act together to promote sleep consolidation at night, and promote alertness during the day. Although this system began as a phenomenological model, increasing experimental evidence has revealed the biological underpinnings. The suprachiasmatic nucleus governs the circadian rhythm of process C, by interpreting zeitgebers such as light and regulating daily rhythms. Process S may be involved in the buildup of adenosine as a metabolic byproduct of daily waking activity. The two processes can be dissociated experimentally by placing subjects on non-24-hour routines; dissociation also happens culturally, as shift-workers have provided a "natural" experiment demonstrating the effects of forcing wakefulness at times when the system should be sleeping, or forcing sleep during the circadian day time.
The neuro-anatomy of sleep-wake system involves reciprocally connected wake-promoting and sleep-promoting centers (Espana and Scammell, 2004; Saper et al., 2005) . The wake-promoting nuclei and their main neurotransmitters include the tuberomammillary nucleus (histamine), the locus ceruleus (norepinephrine), the dorsal raphe (serotonin), and the basal forebrain (acetylcholine). The main sleep-promoting nucleus is the ventrolateral pre-optic (gamma amino butyric acid, GABA). Certain brainstem regions are important for regulating REM sleep, with REM-promoting cholinergic nuclei in the laterodorsal tegmentum and pedunculopontine tegmentum. Neurons in the locus ceruleus, raphe, and tuberomammillary nuclei have correspondingly low activity during REM sleep. Adenosine is also a major sleep-promoting substance, and may act preferentially 
